International fi eld experiences offer exceptional opportunities for effective student learning in the geosciences. Over the 10 yr period between 1998 and 2008, more than 40 undergraduate students from 14 institutions participated in fi eld research investigating active tectonics on the Nicoya Peninsula, Costa Rica. Three different project models were used: (1) a month-long summer research project, (2) a series of 1 to 2 wk independent fi eld study projects, and (3) a week-long fi eld research module. These projects shared a common research theme (active tectonics), fi eld area (Nicoya Peninsula), and pedagogy (experiential learning), thus allowing for easy comparison of teaching methods, logistics, and learning outcomes. Each model has unique pedagogical benefi ts and challenges, and is therefore better suited for a different group size, student to faculty ratio, project duration, and budget. Collectively, these student research projects generated signifi cant publishable data relevant to ongoing investigations of forearc tectonics and earthquake hazards along the Costa Rican Pacifi c margin. Individual student projects were carefully designed to provide a quality fi eld learning experience, while adding a new piece to the larger research puzzle. Indicators of project success include levels of student engagement; gains in technical and cognitive fi eld skills; and productivity of student-authored publications, reports, and presentations. Students commonly described these projects as instrumental in shaping their professional identity as geoscientists. Blending international fi eld research with experiential learning pedagogy creates a powerful synergy that captures student imagination and motivates learning. By placing students beyond the comfort of their home learning environment, inter national fi eld 2
INTRODUCTION
In the natural sciences, the most effective student learning takes place during hands-on fi eld experiences (Lonergan and Andresen, 1988; Manduca and Mogk, 2006) . While classroom and laboratory instruction are important, students achieve greater comprehension and self-confi dence while engaged in experiential fi eld studies aimed at solving real-world problems (e.g., Kern and Carpenter, 1986; Elkins and Elkins, 2007) . Fieldwork is considered an essential component of student learning in most undergraduate geosciences programs (Manduca and Carpenter, 2006; Drummond and Markin, 2008) . As a degree requirement, geology majors are generally expected to complete a fi eld methods course and some form of extended fi eld camp or research program. Geology alumni often describe these fi eld experiences as instrumental in preparing them for success in their careers as professional geoscientists (e.g., Kirchner, 1994; Manduca, 1996) .
The impact of natural sciences fi eld learning is further enhanced when students are exposed to new environments that expand their perspective on the natural world, and broaden their understanding of global connections. Educational research has demonstrated that learning is most effective when students are challenged by uncertainty, whereby moderate levels of anxiety increase the motivation to learn (Citron and Kline, 2001 ). In particular, international study programs that are guided by experiential learning pedagogy (cf. Dewey, 1938; Kolb, 1984) have been shown to signifi cantly increase student cognition by placing participants beyond the comfort and predictability of their home learning environment (Lutterman-Aguilar and Gingerich, 2002; Montrose, 2002) . With careful planning and design, study abroad fi eld experiences can provide exceptional opportunities for enhanced student learning by introducing new disciplinary perspectives and challenging students to think outside the box (e.g., McLaughlin and Johnson, 2006; Ham and Flood, this volume) . International fi eld projects that are rooted in research methodology and driven by student inquiry can be especially rewarding for participating students and faculty (Bolen and Martin, 2005; Mankiewicz, 2005) .
In this paper, we evaluate three different project models for international experiential fi eld research with geosciences undergraduate students in Costa Rica, Central America (Figs. 1 and 2). Each one of these project models was employed in the same fi eld area and had a common research theme and pedagogy, thereby allowing easy comparison of teaching methods, learning outcomes, and logistical advantages. We begin by exploring Costa Rica as a premiere destination for international geosciences fi eld projects. We then describe the tectonic and geologic signifi cance of the project study area on Costa Rica's Nicoya Peninsula. We continue by presenting a detailed overview of each of the three project models. Finally, we compare the project goals, teaching methods, logistics, costs, and learning outcomes of each model.
Natural Sciences Field Study in Costa Rica
In recent decades, Costa Rica has gained a global reputation as a premiere destination for natural sciences fi eld trips and study programs. This politically stable nation has developed a thriving ecotourism industry (e.g., Laarman and Perdue, 1989; Fennell and Eagles, 1990; Lumsdon and Swift, 1998; Weaver, 1999) and is recognized internationally as a center for scientifi c fi eld research (e.g., Clark, 1985; Stone, 1988; Silver and Dixon, 2001 ; León and Hartshorn, 2003; Bundschuch and Alvarado, 2007; Silver et al., 2007) . Many U.S. universities now offer study abroad programs and fi eld courses in Costa Rica focused on the natural and environmental sciences (e.g., McLaughlin, 2005; Parrott, 2005; Vadino, 2005) . The world-renowned Costa Rican National Park and Nature Reserve system (Boza, 1993) currently encompasses over 25% of the country's territory, protecting a spectacular array of neotropical landscapes, habitats, and ecosystems. The country is also known for world-class river rafting, spelunking, rain-forest trekking, canopy tours, and exotic wildlife. Costa Rica has a well-developed transportation infrastructure and offers a full range of lodging facilities that cater to a wide variety of travel needs. Access is easy from many countries worldwide, and airline fares are generally affordable from major airports.
In particular, Costa Rica provides an especially attractive setting for international study trips and research experiences focused on geology and the environment (Marshall, 2005) . In recent years, many geology departments and research consortia have organized successful Costa Rica fi eld trips, courses, and research projects for undergraduate students (e.g., Gardner, 1999; Mango, 2003; Marshall et al., 2004b Marshall et al., , 2005a Flood and Ham, 2005; Marshall, 2005; Over et al., 2005) . Within a relatively compact land area (51,100 km 2 ), Costa Rica features a diverse assemblage of geologic terrains, microclimates, and ecosystems that offer rich educational fi eld opportunities for visiting students. Located along the Middle America convergent margin ( Fig. 1) , Costa Rica spans a spectrum of morphotectonic provinces (Fig. 2) , extending from the rugged coastlines of the projects pique student curiosity, sharpen awareness and comprehension, and amplify the desire to learn. Experiential learning pedagogy encourages students to defi ne their own research agenda and solve problems through critical thinking, inquiry, and refl ection. The potent combination of international fi eldwork and experiential learning helps students to develop the self-confi dence and reasoning skills needed to solve multifaceted real-world problems, and provides exceptional training for graduate school and professional careers in the geosciences. 
Three models for experiential learning projects investigating active tectonics of the Nicoya Peninsula, Costa Rica

Undergraduate Geosciences Research on Costa Rica's Nicoya Peninsula
Over the 10 yr period between 1998 and 2008, more than 40 undergraduate students from 14 colleges and universities participated in a sequence of related fi eld research projects investigating active tectonics on the Nicoya Peninsula, Costa Rica (Fig. 3) . These projects were organized around three different models (Tables 1-3 ) encompassing a range of fi eld education strategies. These were (1) a month-long summer research project conducted by 12 students and fi ve faculty mentors (Keck Geology Consortium, 1998), (2) a series of 1 to 2 wk independent fi eld study projects conducted by one to three students, and one or two faculty mentors (Cal Poly Pomona University and Trinity University, 2003 University, -2008 , and (3) a week-long fi eld research module with 14 students and two faculty mentors (Cal Poly Pomona University, 2008) . During each of these projects, the participating students engaged in hands-on fi eld investigations utilizing techniques from multiple geoscience disciplines, including geomorphology, stratigraphy, structural geology, geochemistry, and geophysics. Each student's fi eldwork served as the basis for a research thesis or for fi eld study credits at his or her home institution. Individual student projects were carefully designed to provide a quality fi eld learning experience while adding a new piece to a larger research puzzle on the active tectonics of the Costa Rican Pacifi c margin. Collectively, these projects generated signifi cant new data that support ongoing investigations of forearc deformation and subduction cycle earthquakes on the Nicoya Peninsula (e.g., Marshall, 2008; Marshall et al., 2008a Marshall et al., , 2008b Marshall et al., , 2008c .
Geologic Setting of the Nicoya Peninsula
Costa Rica is part of the Central American volcanic arc, which is formed by subduction of the Cocos plate beneath the Caribbean plate at the Middle America Trench (Fig. 1) . Plate convergence offshore occurs at a rapid rate of 8-9 cm/yr (DeMets et al., 1990) . The subducting Cocos plate consists of seafl oor produced along both the East Pacifi c Rise and the Cocos-Nazca spreading center (Hey, 1977; Barckhausen et al., 2001) . Hotspot volcanism at the Galapagos Islands generates a rough domain of thickened seafl oor that includes the Cocos Ridge and adjacent seamounts. Two major segment boundaries on the subducting Cocos plate intersect the Middle America Trench offshore of the Nicoya Peninsula in Costa Rica (Fig. 2) . The fi rst boundary is a triple-junction trace that divides crust derived at the East Pacifi c Rise (EPR crust) from that formed along the Cocos-Nazca spreading center (CNS-1 and CNS-2 crust). The second boundary is an abrupt morphologic break between smooth mid-oceanridge-derived seafl oor to the northwest (EPR and CNS-1 crust), and rough hotspot-thickened seafl oor to the southeast (CNS-2 crust). Contrasts in subducting plate morphology, thickness, and thermal structure across these boundaries produce along-strike variations in seismicity, volcanism, and upper-plate morphotectonics (e.g., Gardner et al., 1992 Gardner et al., , 2001 Protti et al., 1995; Fisher et al., 1998 Fisher et al., , 2004 Marshall et al., 2000 Marshall et al., , 2001 Marshall et al., , 2003a Ranero and von Huene, 2000; von Huene et al., 2000; Fisher et al., 2003; Norabuena et al., 2004; Sak et al., 2004; DeShon et al., 2006; Sitchler et al., 2007; Morell et al., 2008) .
The Nicoya Peninsula spans an emergent segment of the northern Costa Rican forearc (Fig. 2) , exposing Cretaceous seafl oor basement (Nicoya Complex) overlain by an upward-shallowing sequence of Late Cretaceous-Quaternary marine sediments (Dengo, 1962; Lundberg, 1982; Baumgartner et al., 1984) . Because of its proximity to the subduction trench (60-70 km), the Nicoya Peninsula is an ideal setting for the study of megathrust earthquakes and forearc deformation (Marshall, 2008) . The peninsula's landmass sits directly above the seismogenic zone, within a recognized high-potential seismic gap . The last major earthquake centered beneath the Nicoya Peninsula occurred in 1950, with a magnitude of M w 7.7. This event produced widespread damage and generated abrupt coseismic uplift, followed by gradual interseismic subsidence along the peninsula's coastlines (Marshall and Anderson, 1995; Marshall, 2008) . The net pattern of late Quaternary deformation is recorded by emergent marine terraces along the peninsula's coast and by incised alluvial-fi ll terraces within interior valleys (Hare and Gardner, 1985; Marshall and Anderson, 1995; Gardner et al., 2001; Marshall et al., 2001 Marshall et al., , 2008a Marshall et al., , 2008b Marshall et al., , 2008c . The primary research goal of the undergraduate fi eld projects described in this paper was to investigate the geomorphic and geologic evidence for tectonic deformation, and to constrain the rates and patterns of active uplift along the Nicoya Peninsula. These studies reveal variations in the coastal uplift pattern that coincide with documented differences in the offshore structure and morphology of the subducting Cocos plate. During the summer of 1998, the Keck Geology Consortium (Manduca, 1997; de Wet et al., this volume) sponsored a monthlong undergraduate research project on the southern Nicoya Peninsula (Gardner et al., 1999a) . This project, referred to hereafter as the Keck Summer Research Project, involved 12 undergraduate students and fi ve project faculty, including authors Gardner, Marshall, and Protti ( Table 1 ). In addition, four faculty advisors from participating institutions visited the fi eld area during the project. In all, the project participants represented a total of 11 different universities and colleges from the United States and Costa Rica. The Keck Geology Consortium provided full project funding, participant stipends, and logistical support ( Table 2) .
The primary research focus of the 1998 Keck Summer Research Project was the tectonic impact of subducting seamounts on coastal geomorphology and structure at Cabo Blanco on the Nicoya Peninsula's southern tip (Fig. 3) . A secondary focus involved the tectonic origin of the peninsula's oceanic basement crust. Following the established model for Keck Geology Consortium advanced-level projects (Manduca, 1999) , each student engaged in an independent investigation that contributed toward the overall research goals of the group project (projects A1-A5; Fig. 3 ; Table 3 ). Participating students made a year-long commitment to their projects, developing and completing their original research in consultation with the project faculty and a "faculty sponsor" from their home institution. In most cases, the students' individual projects formed the basis for a senior thesis that they completed during the academic year following summer fi eldwork. A mid-year workshop at Trinity University provided a venue for discussion, data compilation, and planning for project completion (Gardner et al., 1999b) . The students presented their fi nal research results at the 1999 Keck Geology Consortium Undergraduate Research Symposium, and submitted four-page extended abstracts for publication in the symposium proceedings (projects A1-A5; Table 3 ). In addition, several students presented their research at regional meetings of the Geological Society of America, and the results from six of the student projects were published as part of a peer-reviewed research article in the journal Geology .
The Keck Summer Research Project consisted of fi ve basic phases: (1) preproject preparation, (2) summer fi eldwork, (3) independent research at home institutions, (4) abstract writing and presentations for the Keck Research Symposium, and (5) professional conference presentations and publication of a journal article. From the outset, the project was designed with the ultimate goal of generating publishable research results (Gardner, 1999) . Students were selected for the project through a competitive application process. During the spring prior to the fi eld season, the project director distributed background reading on the geology of the study area, and provided logistical information to prepare students for fi eldwork in Costa Rica.
In Costa Rica, the project began with several days of fi eld trips to key localities designed to introduce the students to the fi eld area and the research questions. Following this introduction, the students were asked to write project proposals outlining their research plan. These proposals were reviewed by project faculty and revised by the students following one-on-one discussion. Together, the group developed a set of major hypotheses to be tested through fi eld research. The fi rst hypothesis was that coastal uplift and faulting within the fi eld area was controlled by seamount subduction beneath the Nicoya Peninsula's southern tip. The second hypothesis was that the local stream networks were responding to the same deformation mechanism. The third hypothesis was that oceanic basement rocks in the fi eld area shared a similar tectonic origin with those beneath mainland Costa Rica.
To address these questions, the students and faculty spent the next 3 wk engaged in fi eldwork (Figs. 4A-4F ), utilizing techniques of geomorphology, stratigraphy, structural geology, geochemistry, paleomagnetism, and geodesy (Gardner et al., 1999a) . Five students investigated uplifted Quaternary marine terraces by mapping and surveying terrace deposits and collecting samples for radiometric dating (Figs. 4D-4F; project A1; Table 3 ). These fi ve students each worked in different, but contiguous fi eld areas along the coastline. A sixth student examined stream channel morphology within all fi ve of these areas, characterizing patterns spe 461-08 page 7 of 22 of bedrock incision and knickpoint retreat ( Fig. 4C ; project A2; Table 3 ). Two students studied structural deformation by collecting kinematic data from faults and folds within Tertiary marine sedimentary rocks ( Fig. 4A ; project A3; Table 3 ). Two students examined uplift patterns through geodetic leveling and dislocation modeling (project A4; Table 3 ). Finally, two students examined the origin of oceanic basement rocks through paleomagnetic and petrologic/geochemical studies (project A5; Table 3 ).
The logistics of daily fi eldwork (Figs. 4A-4F) required careful planning and considerable forward thinking by the project director and faculty. The primary fi eld area encompassed two 40 km stretches of coastline that are nearly orthogonal to one another ( Figs. 2 and 3 ). The area is rural with unpaved roads and rugged terrain. Six four-wheel-drive vehicles were available for regular use. Each student was required to work with a fi eld partner, and each faculty member was in charge of a group of several students. Field partners were rotated on a daily basis to ensure that each student had the chance to visit the other students' study areas while also having ample time to work in their own area. Likewise, the faculty also took turns working in different areas in order to spend fi eld time with each student. Every evening following dinner, the group met to discuss that day's results and to plan fi eld logistics for the next day. On some evenings, the faculty gave presentations on regional geology, or on fi eld research techniques.
During the length of the Keck Summer Research Project, the students and faculty stayed at a rural ecotour lodge located within the fi eld area near Cabo Blanco (Fig. 3) . The project director reserved the entire facility, allowing for complete freedom of movement and use of public areas. The owner and staff attended to participant needs and prepared all meals, including sack lunches for the fi eld. This arrangement provided a safe, secure, and comfortable home base for students and faculty. This was critical for engendering group camaraderie and maintaining morale during this month-long project. The covered outdoor dining area served as an excellent space for offi ce work, group meetings, and presentations ( Fig. 4B ).
An important aspect of this experiential learning project was to allow students to formulate their own hypotheses, research agenda, and data collection strategy. It was therefore critical for the faculty to anticipate the principal methods and equipment necessary to tackle the research problems. The equipment had to be brought from the United States, purchased in Costa Rica, or borrowed from the host-country institution (Observatorio Volcanológico y Sismológico de Costa Rica [OVSICORI-UNA]). Once at the rural fi eld site, it was extremely challenging to acquire additional equipment. This required careful advance planning and the collaborative support of the host-country institution in moving equipment through customs, transporting it to the fi eld site, and purchasing or lending additional required items.
Independent Field Study Projects (2003-2008)
Over the 5 yr between 2003 and 2008, 12 undergraduate students from Cal Poly Pomona University, Trinity University, and Total project cost includes airfare, ground transportation, lodging, meals, and field supplies for all participants (students, faculty, teaching assistants). These costs do not include participant stipends, contract services (e.g., radiometric dating), purchase of major field equipment, or donated equipment, vehicles, and services from host-country institutions. § Total cost per person equals the total project cost for all participants (students, faculty, teaching assistants) divided by the total number of participants.
# Total cost per student equals the total project cost for all participants (students, faculty, teaching assistants) divided by the total number of students. **Total daily cost per student equals the total project cost per student divided by the project duration in days. Gardner (2009, personal commun.) ; (gg) J.S. Marshall (2009, personal commun.) . N.A.-not applicable.
#
The totals reported here are the total number of student co-authored reports and publications from each field project. These totals do not necessarily equal the sum of the numbers listed in the columns above because some of the reports and publications may incorporate the results of more than one research topic or student project.
spe 461-08 page 9 of 22 spe 461-08 page 10 of 22 the Universidad de Costa Rica participated in a series of independent geosciences research projects on the Nicoya Peninsula (Fig. 3 ) directed by authors Marshall and Gardner (Table 1) . These projects, hereafter referred to as the independent fi eld study projects, served as the basis for either a required geology senior thesis, or for independent study credits at the students' home institution. These projects were funded by a combination of small campus research grants, faculty travel funds, and existing National Science Foundation (NSF) grants for related regional investigations (Table 2) . In some cases, students contributed their own funds to cover some costs, such as airfare or food. Fieldwork for the independent fi eld study projects generally lasted between 1 and 2 wk (Table 1 ) and involved one to three students per trip (Figs. 5A-5G ). These fi eld projects were carefully designed to generate new data that would contribute to the broader collaborative research efforts of the two faculty advisors. The overall focus of these research projects (projects B1-B9; Fig. 3 ; Table 3 ) was to investigate variations in tectonic deformation patterns along the Nicoya Peninsula segment of the Middle America Trench (e.g., Marshall et al., 2008a Marshall et al., , 2008b Marshall et al., , 2008c . The students utilized fi eld techniques of geomorphology, stratigraphy, structural geology, and geochronology to investigate the uplift and depositional history of Quaternary marine terraces (Figs. 5A-5B), coastal sediments (Fig. 5D) , and fl uvial deposits (Figs. 5E-5G). The participating students also had opportunities for professional interaction with Costa Rican scientists working on related problems (Fig. 5C ). Project results have been presented in senior theses, independent studies reports, and studentcoauthored abstracts, posters, and talks, presented at regional, national, and international professional meetings (projects B1-B9; Table 3 ).
The fi eld areas for the independent fi eld study projects included four principal locations on the Nicoya Peninsula, three along the coast and one in the peninsula's interior (projects B1-B9; Fig. 3 ; Table 3 ). Four of the projects focused on the Cabo Blanco area, site of the 1998 Keck Summer Research Project and the 2008 fi eld research module. This location lies inboard of a chain of subducting seamounts (Fig. 2 ) that generates rapid coastal uplift and the formation of a prominent fl ight of marine terraces. The students working on independent fi eld study projects in this area focused their research on the geomorphology and stratigraphy of uplifted Pleistocene terraces (projects B1, B3, B5, and B8; Fig. 3 ; Table 3 ). This work expanded on the results of earlier investigations in this area, which had focused primarily on emergent Holocene terraces (Marshall and Anderson, 1995; Gardner et al., 2001) . Together, these studies assembled a comprehensive picture of the late Quaternary uplift history at the Nicoya Peninsula's southern tip. New age constraints ( 14 C and optically stimulated luminescence [OSL]) on the Cabo Blanco coastal terraces established a framework for terrace correlation to other sites along the Nicoya coast (e.g., Marshall et al., 2008a Marshall et al., , 2008b Marshall et al., , 2008c .
During other fi eld seasons, students examined marine terraces and beach sediments along the northern and central segments of the Nicoya Peninsula coastline (projects B2-B4 and B7; Fig. 3 ; Table 3 ). These sites lie inboard of relatively smooth subducting seafl oor (Fig. 2) , and thus uplift rates are an order of magnitude lower than at Cabo Blanco. The marine terraces at these sites had not yet been studied in detail. These projects, therefore, played an important role in expanding the database on Nicoya Peninsula coastal uplift patterns. In addition to marine terraces, several students also examined alluvial gravel terraces along river valleys near the coast and within the peninsula's interior (projects B6 and B9; Fig. 3 ; Table 3 ). These projects built upon prior river terrace studies on the Nicoya Peninsula (Hare and Gardner, 1985) and elsewhere along the Costa Rican Pacifi c margin . Correlation of the fl uvial and marine terrace sequences is expanding our coverage of tectonic uplift patterns on the Nicoya Peninsula.
Students were selected for these independent research projects based on their level of interest, academic preparation, and prior fi eld experience. The faculty advisors generally prepared the participants for fi eldwork several months in advance, through individual conversation and group meetings. The students received logistical information, background reading, and necessary fi eld maps. Prior student research reports and posters were used as a means to instruct and inspire project participants. A set of research questions and a general plan for fi eldwork were developed through faculty-student discussion.
In Costa Rica, the projects usually began with reconnaissance fi eld trips, designed to familiarize the students and faculty with the study area. The students were encouraged to ask questions and to suggest ideas for the upcoming fi eldwork. The faculty introduced the students to the fi eld equipment, including global positioning system (GPS) units, altimeters, and surveying gear. After returning to the hotel from fi eld reconnaissance, the group would usually examine aerial photographs under a stereoscope, and look over topographic and geologic maps of the study area. At this point, the students and advisor would develop a schedule for fi eldwork during the ensuing days.
The daily fi eld routine for each of these projects depended on the research goals, study area, length of stay, number of students, and weather conditions. Nearly all projects involved fi eld mapping of coastal terraces and deposits (Figs. 5A-5B) , and the surveying of topographic profi les using differential GPS, barometric altimetry, and hand levels with stadia rods (Fig. 5G) . Other typical fi eld activities included measuring stratigraphic columns, describing sediments and soils, and collecting samples for isotopic dating and thin sections (Figs. 5D-5E ). Each evening, the students and faculty worked together on fi eld data (Fig. 5F ), discussed new fi ndings and project progress, and planned fi eldwork for the following day. Field accommodations for these projects consisted of reputable tourist hotels throughout the Nicoya Peninsula (Table 2) , including the lodge used in both the Keck Summer Research Project and the fi eld research module. Rental four-wheel-drive vehicles were used for travel during each fi eld season. spe 461-08 page 12 of 22
Field Research Module (2008)
During spring break of 2008, the Geological Sciences Department at Cal Poly Pomona University ran a week-long fi eld studies course in Costa Rica, focusing on the Nicoya Peninsula (Figs. 2 and 3 ). This course, referred to hereafter as the fi eld research module, was led by authors Marshall and Nourse, and it involved 14 undergraduate students from two different California State University campuses, Cal Poly Pomona and Cal State Northridge (Table 1) . The students completed a series of fi eld exercises (Figs. 6A-6G ) and earned a total of four units of course credit for two sections of "Geology Field Module." Because Cal Poly Pomona does not offer its own geology summer fi eld camp, majors have the option of taking four twounit fi eld modules as a substitute. The 2008 Costa Rica fi eld research module counted as two fi eld module sections because of the intensity of fi eldwork involved, and the participation of two faculty members with different fi eld specialties. The course also included two teaching assistants: an advanced Cal Poly Pomona undergraduate student, and a Cal State Northridge master's degree student who was doing his thesis research on the Nicoya Peninsula. A graduate student from the Cal Poly Pomona Biological Sciences Department also participated in the course, conducting independent research in the same fi eld area. Funding for the fi eld research module was provided by a grant from the Cal Poly Pomona College of Science, supplemented by student contributions ( Table 2) .
The focus of the 2008 fi eld research module was the active tectonics and geomorphology of the Middle America convergent margin in Costa Rica. The group visited two active volcanoes within the Central Volcanic Cordillera (Fig. 2) and spent three fi eld days in the Cabo Blanco area at the southern tip of the Nicoya Peninsula (Fig. 3) . The students engaged in three fi eld projects (projects C1-C3; Fig. 3; Table 3 ) during the course: (1) a geologic cross section exercise at Poás Volcano (Fig. 6E) , (2) a geologic and geomorphic mapping exercise along a Nicoya Peninsula road transect (Figs. 6A, 6B , and 6D), and (3) a structural geology exercise on a tidal platform in the same area (Fig. 6C) . Each morning began with a "fi eld briefi ng" during which the faculty and students discussed the day's assignments and strategy for fi eldwork (Fig. 6F) . In the fi eld, the students worked with partners, making fi eld measurements and recording data and observations in fi eld notebooks and on topographic maps (Figs. 6A-6E) . The faculty and teaching assistants circulated among the students to provide guidance and to answer questions (Fig. 6B) . At the close of each fi eld day, the students worked on their maps and notebooks and completed preliminary assignments that were due at the end of each exercise. In the evenings, the students read assigned research papers (Fig. 6G ) and gave summary presentations to the group. On one occasion, the students had the opportunity to discuss Nicoya Peninsula tectonics with a visiting group of U.S. and Costa Rican seismologists and geodesists. One month after return to the United States, the students were required to submit a fi nal research report on all three of the fi eld projects (projects C1-C3; Table 3 ). This report was to include 5-10 pages of text, maps, cross sections, stratigraphic columns, and fi eld photos. The students were also asked to submit their fi eld notebooks for grading. The project faculty members were available during this time for questions and consultation.
Students were selected for the fi eld research module through a competitive application process. A series of required planning meetings was held over a period of 4 mo leading up to the trip. The group traveled to Costa Rica together on a single fl ight. On the fi rst day, the group visited Poás Volcano National Park and walked on trails to the active summit crater and extinct crater lake. The faculty gave short fi eld lectures on the geology, tectonics, and eruption history of the Central American volcanic arc and Poás volcano itself. The students were given a set of topographic and geologic maps of the crater area. They were instructed to sketch the crater in their notebooks (Fig. 6E) , and record descriptions of volcanic units exposed along the crater rim. The assignment for this project was to construct a topographic profi le and geologic cross section across the volcano's summit.
The following day, the group traveled by highway and ferry to the southern Nicoya Peninsula (Fig. 3) . Multiple fi eld trip stops were made en route to illustrate the geology and tectonics of the central Costa Rican volcanic arc and forearc region. Prior to departure for Costa Rica, each student was assigned a set of three research articles that they were asked to read (Fig. 6G ) and present to the group. For three consecutive evenings, beginning with the fi rst night on the Nicoya Peninsula, each student presented a 5 min summary of one of his/her articles. A group discussion followed. The reading/presentation list was organized to cover a deliberate set of research topics related to the course theme and students' fi eldwork. Prior to their presentations, the students were encouraged to consult with the project faculty. The students were graded based on their general understanding of the paper and clarity of presentation.
The mapping exercise began the next day with a fi eld trip to introduce students to the geology and geomorphology of the study area (project C1; Fig. 3 ; Table 3 ). Stops were made along their mapping transect to describe geologic units ranging from oceanic basalt basement, to marine turbidite deposits, to emergent Quaternary marine terraces. In addition, students were shown examples of critical structures such as faults, folds, and unit contacts. Prior to the fi eld trip, the students were given a set of topographic maps ranging in scale from 1:12,000 to 1:50,000. During the course of the day, they used these maps and handheld GPS units to locate the fi eld-trip stops. The students were also given a blank topographic profi le of the mapping transect, a copy of the Quaternary sea-level curve, and geochronologic data from marine terrace deposits and bedrock units.
The next morning, students began mapping at the inland end of a 2 km road transect that descended 160 m in elevation to the beach. They worked in teams of two or three students (Fig. 6A) with one GPS unit, a hand level, and at least one Brunton compass per team (Fig. 6D) . The faculty and teaching assistants spe 461-08 page 14 of 22 spread out along the mapping transect to provide assistance (Fig. 6B) . The students were instructed to record all fi eld locations and data (e.g., UTM, strike, and dip) on their base maps and in their notebooks. They were also encouraged to sketch outcrops, make detailed lithologic descriptions, and collect representative samples of all mapping units. The students used the blank topographic profi le to sketch a conceptual cross section, and they used the Quaternary sea-level curve to develop a working model for coastal uplift and marine terrace formation. Upon return to the lodge, the rock samples were placed in a common area, and students were provided with additional maps, aerial photos, and stereoscopes. The students then worked on refi ning their fi eld maps and notebook descriptions.
The last fi eld day on the Nicoya Peninsula was devoted to the structural geology project (project C2; Fig. 3 ; Table 3 ). This project involved collecting structural measurements from complex folds and faults within a highly deformed marine turbidite unit exposed at the coast in a level wave-cut tidal platform (Fig. 6C) . The students fi rst created a base map on graph paper by measuring the study site dimensions using GPS. During falling tide, the students worked in teams of two or three using Brunton compasses to measure and record the orientation of bedding, fold hinges, axial planes, and faults. The students were encouraged to spread out across the tidal platform in order to increase the total group coverage of the study site. The maps and data from each team were later compiled by the faculty and provided to each student after returning home to Cal Poly Pomona. The fi nal assignment was to create a structural map of the study site and write a report interpreting the data and summarizing the deformation history of this unit.
The next day, the group made the return trip to the capital city San José in Costa Rica's Central Valley. That evening, the students drafted preliminary maps and illustrations from each of their three fi eld projects, due the following morning. On the last day in Costa Rica, the group made a fi eld trip to Irazú Volcano National Park and the colonial capital city of Cartago. The students visited the active crater of Irazú and sites in Cartago affected by the devastating 1910 earthquake and deadly lahars of 1964. No assignments were required from this trip.
Accommodations for the 2008 fi eld research module included two well-established tourist lodges, one in the capital city San José and the other near Cabo Blanco on the Nicoya Peninsula (Fig. 3) . The authors had used both of these establishments for well over a decade. The Nicoya Peninsula hotel was the same one used in the 1998 Keck Project and several of the independent study projects. This rural ecotour lodge, located a short distance from the fi eld area, provided a secure and comfortable home base for students and faculty (Fig. 6F) . The group ate all meals at the lodge, reducing the chance of food-or waterborne illness. Returning to the lodge at midday for lunch also helped to mitigate the effects of heat and dehydration. Four four-wheel-drive rental vehicles were used for travel during the project. This allowed for greater mobility on the rural dirt roads in the fi eld area.
COMPARISON OF FIELD PROJECT MODELS Project Goals and Teaching Methods
Our three project models share a common research theme, fi eld area, and overarching pedagogy, allowing for easy comparison of project goals, teaching methods, logistics, costs, and learning benefi ts. In each case, the students investigated forearc tectonics and coastal geomorphology on Costa Rica's Nicoya Peninsula (Figs. 2 and 3 ). These projects were based around experiential learning pedagogy (cf. Dewey, 1938; Kolb, 1984) in which students adopted a holistic view of their study topic and played an active role in guiding the learning process. A key element of this approach is to encourage students to develop their own research agenda, and to engage them in the deliberate practice of hands-on problem solving through critical thinking, inquiry, and refl ection (e.g., Montrose, 2002) . Each of our projects used experiential learning as a potent strategy for developing the self-confi dence and reasoning skills necessary for solving multifaceted real-world problems in the geosciences. The goals and methods for accomplishing this differed between each of the projects depending on group size, faculty-student ratio, project duration, and expected outcomes and products (Tables 1-3 ).
Project Goals
The principal goal of the longer-duration Keck Summer Research Project was to engage students in a comprehensive fi eld research experience, including a year-long commitment to post-fi eldwork analysis, interpretation, and presentation of results through thesis writing, conference presentations, and journal publications. Like the Keck project, the goal of the independent fi eld study projects was to engage students in comprehensive research; however, expectations for follow-up activities and products varied among students, ranging from short-term writing of a fi eld report, to a full year of data analysis and preparation of a senior thesis, thesis defense, and conference presentations. In contrast, the primary goal of the shorter fi eld research module was to develop technical and cognitive fi eld skills within a narrower research context, leading to a concise, written report on fi eld results. Both the Keck Summer Research Project and the independent fi eld study projects can be defi ned as "research apprenticeships" (Seymour et al., 2004) , in which the faculty mentors guide small groups of junior-to senior-level students through longer-duration comprehensive research experiences. The fi eld research module, on the other hand, can be defi ned as a "research-based learning course" (Seymour et al., 2004) , in which research-like experiences form the pedagogical foundation for coursework.
Teaching Approach
The two longer-duration "research apprenticeships" (Keck Summer Research Project and independent fi eld study projects) devoted more time to building the research context and allowing students to formulate their own hypotheses and strategies spe 461-08 page 15 of 22 for fi eldwork. In contrast, the shorter "research-based learning course" (fi eld research module) bypassed the formulation of hypotheses and jumped straight to focused inquiry on the nature of fi eld data and data collection techniques needed to answer specifi c research questions. For example, the Keck Summer Research Project and independent fi eld study projects both began with students exploring their entire fi eld area, and thinking about the impact of tectonics, climate, and sea-level change on the landscape. Through group discussion, the students then developed a set of hypotheses that could be investigated during their fi eldwork. The students then worked on identifying the type of fi eld evidence that could be used to address their hypotheses and determining appropriate techniques of data collection and analysis. They formulated a research plan and fi eld strategy, and then they engaged in fi eldwork and data evaluation. The fi eld research module, on the other hand, was based on a strategy of visiting previously known outcrops that exposed useful geologic information (e.g., a road cut through a dated marine terrace) and asking students about the type of data that could be collected at the site to answer a specifi c research question (e.g., the terrace uplift rate). Through faculty-guided inquiry, the students then learned how to collect a particular data set (e.g., terrace topographic profi le and inner-edge elevation). The fi eldwork, therefore, was more "cookbook" in nature and involved less "big picture" inquiry. In all three projects, however, the students were challenged to interpret the signifi cance of the data they collected. For the fi eld module students, this was limited to relatively simple, localized interpretations, whereas the Keck and independent study students had more latitude and time to integrate their interpretations within the broader research context.
Student Mentoring
The ratio of students to faculty (Table 1) was an important factor infl uencing the teaching methods and intensity of student mentoring in the fi eld. The Keck Summer Research Project had a ratio of 12 students to 5 faculty members (<3:1), and for most of its duration, additional faculty sponsors visited the fi eld area. For most of the project, therefore, the student to faculty ratio was maintained at near 2:1. This allowed for signifi cant facultystudent mentoring in the fi eld and also facilitated the overall project structure of students working simultaneously at separate fi eld sites, with rotating fi eld partners and faculty mentors. Students and faculty were able to devote entire days to tackling specifi c problems at individual fi eld sites, and the students were able to benefi t from the varied input of different faculty on different days. This approach, however, involved signifi cant logistical complexity and required careful planning and forethought. The independent fi eld study projects also had low student to faculty ratios (3:1-1:1), allowing for individualized fi eld mentoring guided by the particular needs of students and their research goals. This project model offered the most consistent, and likely the most effective mentoring, because of the smaller group size and simpler logistics. It is important to consider, however, that there may be a trade-off between the perceived learning benefi ts of small group mentoring, and the learning gains engendered by large group competition, camaraderie, and peer mentoring. In contrast to the other two projects, the fi eld research module had a relatively high ratio of 14 students to 2 faculty members (7:1). This necessitated a different approach in which the students worked each day in small teams on the same problem in a common fi eld area. As the student teams moved through the area, the faculty and two teaching assistants would circulate among them to facilitate inquiry and answer questions. The benefi t of this approach was that students could learn through discussion with their fi eld partners and other teams, and the faculty could bring all of the teams together on occasion to address common questions. The fi eld logistics were much simpler than the other large-group project (Keck Summer Research Project), and the overall group safety was enhanced by having all participants in the same area at the same time.
Project Preparation and Follow-Up
All three projects involved both precursory and follow-up activities to prepare students for fi eldwork and to facilitate data analysis and completion of assignments. These included required group meetings, reading assignments, presentations, and Internet bulletins or discussion. For the Keck Summer Research Project, face-to-face preparatory meetings were impossible due to the wide geographic distribution of participants. In this case, Internet communication between students and faculty was essential prior to fi eldwork. The postproject workshop, held at Trinity University six months after fi eldwork (Gardner et al., 1999b) , was critical for compiling all of the project data and determining common strategies for data analysis and presentation. Students of the independent fi eld study projects and fi eld research module came mostly from the same institutions, allowing for face-to-face group meetings both before and after fi eldwork. Pretrip meetings were an essential part of preparing students for the fi eld. These meetings allowed faculty to introduce the research context, discuss assignments and expectations, provide logistical and safety information, complete forms and fi nancial transactions, and engender group camaraderie and enthusiasm. Post-trip meetings provided an important opportunity for project debriefi ng, discussions of results and data analysis, reminders about assignments and expectations, and celebrations of student achievements.
Project Logistics and Costs
The three project models discussed in this paper varied signifi cantly in logistical complexity and project costs (Table 2) . However, because these projects were run in the same general fi eld area, they shared similar logistical challenges and budgetary structure. The later projects benefi ted greatly from lessons learned during earlier projects. It is important to note that the logistics of larger group projects are exponentially more complex than for smaller groups. This is especially true for international projects due to the challenges of overseas air travel, and of transporting, housing, and feeding large groups in a foreign country. It spe 461-08 page 16 of 22 is also important to consider that the average daily cost of international projects is strongly infl uenced by two factors, the cost of airfare and the impact of group rates for lodging and meals. Regardless of project duration, the cost of air travel for a particular project will be the same. Therefore, with air travel included in the total cost, shorter projects have a higher average daily cost per person than longer projects (Table 2) . While larger groups introduce more logistical challenges, group rates for lodging and meals can signifi cantly lower the daily cost per person. In addition, travel costs can vary widely depending on the season, travel days, type of facilities used, and longer-term fl uctuations in currency exchange rates and the global economy.
The complex logistics of organizing and executing the month-long Keck Summer Research Project required strong leadership by the project director (Gardner) , and careful teamwork among the project faculty, the students, and the respective staffs of the Keck Geology Consortium, host-country institution (OVSICORI-UNA), and project lodging facilities. To achieve success, this type of large multi-institutional project required the administrative and fi nancial support of an experienced undergraduate research organization like the Keck Geology Consortium (Manduca, 1997; de Wet et al., this volume) . It would be diffi cult to organize a project of this magnitude through a single geology department. In addition to logistical and clerical support, the Keck Consortium provided full project funding, including student and faculty stipends. The total cost of the project was high (Table 2 ), but because of its long duration (1 mo), and the impact of group discounts, the average daily cost per student was low compared to the other two projects. Considering the project outcomes (Table 3) , learning benefi ts, and average daily cost per student, it is clear that the 1998 Costa Rica Keck Summer Research Project was an exceptionally good investment. This was an investment, however, that could only be afforded by a well-funded institution/organization, or by faculty supported by a substantial external grant.
The logistics of the independent fi eld study projects were much simpler than the two large-group projects. Travel arrangements and planning for fi eldwork are generally much easier for small groups of four or less people. A more open time frame for these projects allowed for greater fl exibility. In general, the students and faculty had more time for interaction and one-on-one mentoring. The students took great pride in their projects, and self-confi dence clearly increased. One particular fl aw, however, is that without clear project boundaries and the group competition typical of larger projects, independent research students often become overwhelmed and face challenges in bringing their projects to completion. This is especially true for public university senior thesis students faced with heavy course loads, work responsibilities, and family demands. Overcoming these issues often requires careful mentoring by the faculty advisor. In general, these projects were relatively inexpensive (Table 2) and were funded through a combination of small research grants, travel funds, and student contributions. However, due to the lack of group discounts, and the low student to faculty ratio, the average daily project cost per student was highest for the independent fi eld study projects compared to the other two models.
The daily logistics of the fi eld research module were easier to manage than the other large-group project (Keck Summer Research Project), but they were still more complex than the small-group projects (independent fi eld study projects). Orchestrating the travel logistics for 18 participants required a signifi cant investment of time and energy by the project director (Marshall) . Because of its short duration, this project required careful advance planning and knowledge of the fi eld area to ensure effi cient use of time. A short fi eld course of this type is more affordable and manageable for a small geology department in a fi nancially limited public university. However, without the support of an undergraduate research consortium or university study abroad program, the project logistics, fi nancial management, and liability issues became the sole responsibility of the project faculty. In this case, the prior Keck Summer Research Project provided a useful model for project design and planning. In addition, the project director had also led two prior large-group fi eld trips in this area, a study trip in 2000 for students of Franklin and Marshall College, and a preconference fi eld trip for the 2001 National Science Foundation MARGINS Program Central America workshop . One advantage of a short-duration project like the fi eld research module is that it requires less time commitment by students. This is especially important for a public commuter university like Cal Poly Pomona, where many students have jobs and families. This project was particularly attractive to students because the bulk of costs were covered by a college grant to the project director. With careful budgeting and project planning, the total costs were low (Table 2) , while the student learning benefi ts were high. The average daily cost per student for this project was nearly double that of the Keck Summer Research Project but less than the independent fi eld study projects.
Student Learning Outcomes
While no formal assessments of student learning outcomes were conducted for the three Costa Rica fi eld projects, their overall success can be evaluated using several qualitative indicators. These include: (1) student enthusiasm and engagement, (2) advances in technical and cognitive fi eld skills, (3) productivity and quality of student-authored publications, reports, and presentations, and (4) impacts on student self-confi dence and professional identity.
Student Enthusiasm and Engagement
The high level of student enthusiasm and commitment during each of these projects provides a fi rst-order indication of their success in engaging participants in the fi eld learning process. Based on faculty observations and interactions with participating students, all three of the Costa Rica fi eld projects generated an exceptional level of student enthusiasm relative to traditional fi eld activities at their home institutions. A fundamental difference spe 461-08 page 17 of 22 between international fi eld experiences and typical fi eldwork in the United States is the excitement of total immersion in a new physical and cultural environment, including unique landscapes, climate, wildlife, language, food, and culture. Costa Rica is especially attractive to undergraduate students because of its global reputation as a premiere destination for ecotourism and adventure travel. The heightened excitement of a study abroad experience tended to amplify student enthusiasm for fi eldwork and scientifi c inquiry. Their research engagement was also piqued by interaction with Costa Rican scientists, and by the obvious implications of their studies toward understanding the natural hazards threatening the local people they encountered during fi eldwork.
Technical and Cognitive Field Skills
Another indication of student learning during these projects was the observed advances made in technical fi eld skills and higher-order integrative thinking. In nearly all cases, the students participating in these projects had prior fi eld experience through regular coursework, fi eld methods courses, fi eld modules, summer fi eld camps, and other research experiences. This preparation allowed most of the students to quickly engage in project activities without need for remedial fi eld training. Less prepared students generally had the opportunity to learn from those with more experience. The daily intensity of living and working together in a rural Costa Rican landscape engendered strong group camaraderie and peer mentoring relationships. In most cases, the students quickly recognized that the quality of their own learning experience was dependent on the success of the entire group. This led to a situation in which few students were ever "left behind," and the students worked cohesively to develop the skills and thought processes needed to tackle their common research problems. Unfortunately, we did not have the foresight to conduct pre-and post-fi eldwork learning assessments. However, the authors all agree that we observed an exceptional level of student advancement in technical skills and critical thinking during these international fi eld projects compared to similar domestic projects in the United States. Other faculty mentors have reported similar benefi ts associated with international fi eldwork (e.g., Mankiewicz, 2005; McLaughlin and Johnson, 2006) . Research on learning indicates that the unfamiliar setting of study abroad experiences stimulates student awareness and cognition, and motivates them to engage in their studies with exceptional focus and intensity (e.g., Citron and Kline, 2001) .
During each of the three Costa Rica projects, the students learned practical fi eld skills, new applications of fi eld instruments, and valuable lessons in project design, teamwork, and time management. The Keck Summer Research Project and independent fi eld study projects immersed students in a high-intensity integrated research experience that mimicked the reality of graduate school and academia. The students participated in every aspect of research, from initial formation of ideas and hypotheses, to planning and execution of fi eldwork, to data analysis and synthesis, and fi nally, communication of results through writing, presentations, and publication. The independent fi eld study projects, however, were less infl uenced by peer competition and required more self-motivation. These projects provided excellent training for students headed to graduate school, or seeking projectlevel employment in the consulting industry. The fi eld research module offered a much more compact, yet still intense learning experience that emphasized fi eld techniques, data collection, and concise interpretation of results from focused problems. This learning strategy is valuable for building student confi dence in their ability to conduct fi eldwork and solve problems.
Student Publications, Reports, and Presentations
An additional measure of learning outcomes for the Costa Rica fi eld projects is the overall productivity in generating student-authored research reports, publications, and conference presentations ( Table 3 ). The Keck Summer Research Project was highly successful in generating individual senior theses (10) and short papers (12) for the Keck Research Symposium (Gardner et al., 1999a) . These outcomes were an integral part of the initial project goals, and students were acutely aware throughout that their success at fi eldwork would determine the quality of these fi nal products. The level of expectations and friendly competition were high among these students, resulting in exceptional quality in their fi nal papers. This success was also facilitated by thoughtful project planning, a fruitful midyear workshop, advising by home-campus faculty sponsors, and prior academic training at well-funded, small, liberal arts colleges. The most signifi cant product of the Keck Summer Research Project was a studentcoauthored paper published in the journal Geology ). This also had been part of the original project goals and design (Gardner, 1999) . Much of the midyear workshop (Gardner et al., 1999b) was focused on compiling and standardizing student data for this publication, and for a preliminary poster presentation at a national conference (Gardner et al., 1999c) . Engaging undergraduate students in the process of publishing a journal article was one of the most benefi cial learning outcomes of this project. Interestingly, only three of the project's 12 students also presented individual posters or talks at professional meetings outside of the Keck Research Symposium (Table 3) . This may refl ect that the bulk of their attention was focused on completing senior theses, symposium presentations, and the journal article.
Publication productivity and quality were also quite high among students of the independent fi eld study projects (Table 3) . Unlike the Keck project, the requirements for project reports and presentations varied among the independent study students. Four of the Cal Poly Pomona students were expected to complete a written senior thesis, thesis defense, and professional conference presentation. Two additional Cal Poly Pomona students participated in the projects for fi eld credits, but they were only expected to prepare conference abstracts and presentations. All fi ve of the Trinity University students were required to complete short fi eld reports for independent study credits. The one participating student from the Universidad de Costa Rica was conducting fi eldwork for a professional license thesis ("Licenciatura"). In total, the independent fi eld study projects thus far have generated 14 spe 461-08 page 18 of 22 student-coauthored abstracts and presentations for professional conferences, fi ve fi eld research reports, and one complete senior thesis, with three additional theses pending (Table 3) . Four of the Cal Poly Pomona student researchers have been lead authors on fi ve abstracts for poster presentations at professional meetings. All six of the Cal Poly Pomona students have attended professional conferences and participated in the preparation and presentation of posters and talks. Two of these students have attended conferences in Costa Rica, where they interacted with researchers from the international community. Both faculty advisors (Marshall and Gardner) are currently working on student-coauthored journal articles that will present a summary of research results from the independent fi eld study projects. One unique fl aw of these projects, due to their open-ended time frame, is the tendency of senior thesis students to gain employment before fi nishing their thesis and degree. Despite their success in completing the research and professional presentations, two of these students have not yet completed their written thesis due to current work responsibilities. An important strategy for mitigating this problem is to establish a rigid schedule for student progress listing specifi c attainable short-term goals.
In contrast to the other two projects, the fi eld research module was not intended to generate publishable research results or student professional presentations. Instead, the students were required to submit a single research report summarizing the results of their three fi eld projects (Table 3 ). The fi eldwork from these projects did, however, generate new data and observations that will infl uence research interpretations and future publications by the project faculty. Over two-thirds (10) of the participating students generated written project reports and illustrations that showed a strong level of learning and comprehension (grade ≥ A-). The other third (4) submitted acceptable reports that demonstrated only a basic level of understanding (grade ≤ B). The lesser motivation of this latter group likely resulted from the lack of a long-term commitment to the project. The students were aware that they would receive a passing grade if they submitted a complete report. The fact that the fi eld research module was not linked to a larger academic outcome (e.g., a senior thesis) led some students to complete marginally acceptable work. The majority of students, however, turned in reports and illustrations that showed substantial learning, and that demonstrated the overall success of this project.
Student Self-Confi dence and Professional Identity
A fi nal indicator of learning outcomes for these projects was an apparent enhancement of student self-confi dence and professional identity. Conversations with student participants revealed a common perception that these projects had a signifi cant impact on developing their identity as geoscientists. A number of students indicated that the experiential learning approach allowed them to build the self-confi dence necessary to tackle complex fi eld problems. Students participating in the Keck Summer Research Project and independent fi eld study projects, in particular, have suggested that these research experiences confi rmed their career choice and reinforced their motivation to pursue graduate studies and professional geosciences careers. Nine of the 12 students from the Keck Summer Research Project went on to graduate schools for M.S. and/or Ph.D. degrees. At least four are currently university faculty members or postdoctoral researchers, three are employed as geoscientists for government agencies or energy companies, and one is a schoolteacher. Half of the 14 students from the fi eld research module have recently graduated, and fi ve are now in graduate school, while three have accepted consulting jobs. Of the 12 students who completed independent fi eld study projects, four continued on to graduate studies, and at least three are working as geoscientists for consulting fi rms. One of the independent study students who entered graduate school has continued researching Nicoya Peninsula tectonics for his M.S. thesis. This same student served as a teaching assistant for the fi eld research module and as a fi eld advisor for a current independent study student. Such mentoring relationships are one of the benefi ts of the independent fi eld study projects as new students build on the research of prior participants.
CONCLUSION
International fi eld experiences offer exceptional opportunities for effective student learning in the geosciences. This paper examined three project models for undergraduate fi eld research in Costa Rica, Central America: (1) a month-long summer research project (Keck Geology Consortium, 1998), (2) a series of 1 to 2 wk independent fi eld study projects (Cal Poly Pomona University and Trinity University, 2003 University, -2008 , and (3) a weeklong fi eld research module (Cal Poly Pomona University, 2008) . These three project models shared a common research theme (active tectonics), fi eld area (Nicoya Peninsula), and overarching pedagogy (experiential learning), allowing for easy comparison of teaching methods, logistics, and learning outcomes. Each project model has unique pedagogical benefi ts and challenges and is therefore better suited for a different range of group size, student to faculty ratio, duration of fi eldwork, and project budget. With thoughtful consideration of these factors and careful project planning, each of these teaching models can have substantial positive impacts on student learning.
The Keck Summer Research Project classifi es as a "research apprenticeship" (Seymour et al., 2004) , in which the primary goal was to engage students in a comprehensive fi eld research experience, including post-fi eldwork analysis, interpretation, report writing, and conference presentations. With 12 students, fi ve project faculty members, and four visiting faculty sponsors (Table 1) , this project maintained a low student to faculty ratio (~2:1). The teaching strategy consisted of the faculty mentoring individual students who were working at multiple fi eld sites on a range of related research problems. This strategy required careful logistical planning to integrate all of the research efforts and to manage rotating teams of fi eld partners and faculty mentors. This project generated multiple student-authored publications (Table 3) , including symposium short papers, conference abstracts, senior spe 461-08 page 19 of 22 theses, and a major journal article. Of the three project models, the Keck Summer Research Project had the highest total cost (Table 2 ), but it also had the lowest average daily cost per student because of its longer duration and large group size. The success of this complex project was largely dependent on fi ve factors: (1) the low student to faculty ratio, (2) the extended duration of fi eldwork (1 mo), (3) careful planning and management by the project director and faculty, (4) post-fi eldwork advising by faculty sponsors, and (5) substantial funding and logistical support provided by the Keck Geology Consortium and the host-country institution, OVSICORI-UNA.
Like the Keck project, the Cal Poly Pomona and Trinity independent fi eld study projects classify as "research apprenticeships" (Seymour et al., 2004) . The primary goal of these projects was to engage individual students in comprehensive research leading to the completion of a research report, thesis, and/or professional conference presentations. The teaching strategy consisted of intensive inquiry-based fi eld mentoring of small student groups (1-3). A distinct advantage of this model was the fl exibility to tailor projects to the specifi c academic needs and interests of individual students. Because these projects involved only a few participants (Table 1 ) and short fi eld seasons (1-2 wk), the logistics were relatively simple, and project plans could be easily adjusted at any time if needed. These projects generated a large number of student co-authored professional presentations and abstracts (Table 3) , and two major journal articles are planned. The total cost per fi eld season was signifi cantly lower than the large group projects (Table 2) , allowing for funding through small university travel grants. The average daily cost per student, however, was the highest among the three project models because of the short duration of fi eldwork and lack of group discounts.
The Cal Poly Pomona fi eld research module classifi es as a "research-based learning course" (Seymour et al., 2004) , in which the primary goal was to develop specifi c technical and cognitive fi eld skills within a narrower research context. The teaching strategy for this project differed signifi cantly from the other largegroup (Keck) project due to its shorter duration (1 wk) and higher student to faculty ratio (7:1) ( Table 1 ). This project was based around a series of short group exercises in which all 14 students, two faculty, and two fi eld assistants worked together in the same fi eld area. Publications were not one of the project goals, but students were required to present their results and interpretations in a fi nal fi eld report (Table 3) . While fi eld logistics were less complex, the success of this short-duration large-group project required substantial advance planning and knowledge of the fi eld area to ensure effi cient use of time. The total project cost was less than the Keck project (Table 2 ), but the average daily cost per student was nearly twice as high, due to the short duration. This project was funded by a moderate university grant to the project director supplemented by student contributions.
The learning outcomes of the three Costa Rica fi eld projects were substantial, as indicated by high levels of student engagement and enthusiasm, observed gains in technical and cognitive fi eld skills, and exceptional productivity of student-authored publications, reports, and presentations. Anecdotal evidence suggests that many students viewed these projects as instrumental in shaping their professional identity as geoscientists. By placing students beyond the comfort of their home learning environment, the Costa Rica fi eld projects piqued student curiosity, sharpened awareness and comprehension, and amplifi ed the desire to learn. The intensity of living and working in an exotic international fi eld setting engendered strong group camaraderie and productive mentoring relationships among students and faculty. Throughout these projects, experiential learning pedagogy played a critical role in enhancing the learning effectiveness of fi eldwork. The students were encouraged to defi ne their own research agenda, and to engage in hands-on problem solving through critical thinking, inquiry, and refl ection. Through this approach, students developed the self-confi dence and reasoning skills needed to solve multifaceted geologic problems. This blend of international fi eld research and experiential learning pedagogy creates a powerful synergy that captures student imagination and motivates learning. This potent combination of fi eld education strategies provides exceptional training for graduate school and professional careers in the geosciences.
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